Blood conservation for elective surgery involves both the reduction of blood loss and the reduction of homologous blood transfusion. Methods of reducing blood loss such as the use of tourniquets, vasoconstrictor drugs, regional anaesthetic supplements and hypotensive anaesthesia are considered briefly. Preoperative and intraoperative techniques of autotransfusion and haemodilution are considered in detail, including a technique of scavenging and reinfusing blood aspirated from the surgical site.
Blood conservation during elective surgery depends on close co-operation between anaesthetists, haematologists, and surgeons. The anaesthetist can make a considerable contribution by using techniques that either reduce blood loss or techniques to reduce the amount of homologous blood used to maintain normal blood volume. The reduction of homologous blood replacement will be of benefit to the patient by reducing exposure to the adverse effects of homologous blood transfusion. 1, 2 It will also assist with the chronic imbalance between the supply of homologous blood and its demand for elective surgery.) The techniques are particularly important in patients who have religious objections to homologous blood transfusion and in patients with rare blood groups.
REDUCTION OF BLOOD Loss
The surgeon has the major role in control of blood loss and can modify it considerably by good surgical technique. The anaesthetist should, however, remind him of the judicious use of limb tourniquet and local vasoconstrictors in order to assist the reduction of blood loss. The anaesthetist should aim at using methods which reduce venous pressure at the surgical site, as most of the bleeding occurs from the slow, constant venous ooze associated with some forms of surgery. Venous pressure may be reduced by positioning the patient so that the surgical site is at the least dependent position, provided this position does not expose the patient to the hazard of venous air embolism.
Spinal and epidural anaesthesia has been shown to reduce blood loss in lower abdominal 4 and major orthopaedic surgery5 when compared with general anaesthetic techniques. In most studies there is a statistically significant difference in both blood loss and blood replacement but in some cases it is doubtful if these differences are of clinical significance in improving patient outcome.
Hypotensive anaesthesia has also been shown to reduce blood loss for many procedures. This, however, has the disadvantage of exposing the patient to the many risks of hypotension, these risks being minimised by improved patient monitoring and the use of sodium nitroprusside which generally maintains cardiac output and regional organ blood flow. The safety of hypotensive anaesthesia may also be enhanced by using intravenous nitroglycerin 6 which reduces venous pressure to a greater extent than arterial pressure: thus it may not be necessary to reduce arterial pressure to a mean of 50-60 mmHg to achieve a dry surgical field.
REDUCTION OF HOMOLOGOUS BLOOD REPLACEMENT
Homologous blood transfusion can be reduced by the use of haemodilution and/or autotransfusion, and in the future blood substitutes may become clinically available. Haemodilution is a procedure in which a state of normovolaemic anaemia is produced with haematocrit readings falling to between 0.25 and 0.30. Autotransfusion is the collection, storage and reinfusion of the patient's own blood, which is then available for retransfusion at operation. These two processes are however often combined because, as the patient's blood is collected, the patient may become acutely anaemic, and thus haemodiluted. The procedure may be carried out preoperatively, intraoperatively, or blood may be scavenged during surgery and on each occasion the blood be available for reinfusion at the time of surgery.
Preoperative haemodilution and autotransJusion
This procedure is also known as predonation, or preoperative collection and storage. The procedure involves the collection of blood some days or weeks prior to surgery. In the process the patient's haemoglobin concentration falls and hence he or she presents to surgery with a reduced haemoglobin and a number of units of autologous blood available for re-transfusion.
Indications
Preoperative haemodilution and autotransfusion could be indicated in any elective operation in which the anticipated blood loss was in excess of 1000 ml for an adult patient. SeshadrC et al. estimate that this technique could be used in 20% of elective surgical procedures in which blood needs to be cross-matched.
Contraindications
Patients suitable for preoperative haemodilution and autotransfusion should have haemoglobin concentrations in excess of 11 g/dJ1·8 and should not have significant cardiac or respiratory disease which would interfere with their ability to compensate for the mild anaemia associated with this procedure. Davis 9 also cautions in its use for elective caesarean section because of the possible danger of precipitating the onset of labour.
Procedure
Most patients have two units of blood taken, the first unit being taken 7-14 days before surgery and the second 3-7 days prior to the elective operation. 8 A minimum of three days is allowed between phlebotomies in order to allow the patient to restore his or her blood volume. Iron supplementation is generally only necessary if more than two units of blood are collected.
A greater number of units may be taken by using citrate-phosphate'-dextrose-adenine anticoagulant which permits 35 days storage of blood. Theoretically eight units can be collected in 35 days using a collection every four days in order to have all units in-dated at the time of surgery. Autologous blood can also be frozen and stored for three years, allowing the collection of many units over a longer period of time. This is a very expensive method of storage and is generally only used in patients with rare blood groups. A "piggyback system"lO can also be used to increase the number of units that can be collected and to decrease the age of the stored autologous blood. The patient visits the blood bank six weeks before the planned operation, and a donation schedule is established. The first unit is withdrawn six weeks prior to the operation and stored as whole blood. The following week the patient donates two additional units, the second and third unit, and the first unit is re-transfused. During the third week the patient donates a fourth and fifth unit and receives unit two. This method can be carried on so that five units of blood with a storage time of three weeks or less will be available for surgery during the sixth week. Again this technique is time-consuming for the patient, requires multiple venepunctures and is logistically difficult, so it is reserved for special situations.
Advantages
Apart from those of the autologous blood and the avoidance of the hazards of homologous blood transfusion, this method lowers blood viscosity and increases 2,3 disphosphoglycerate (2,3-DPG) levels, 8 both of Anaesthesia and Il1fensive Care, Vol. 12, No. 3, August, 1984 which may reduce patient morbidity. The patient may also have a favourable psychological effect resulting from selfinvolvement in their medical care.
Disadvantages
By far the most difficult problem is to solve the logistical problems of this technique. The surgeon must be committed to the concept and educate suitable patients to accept the procedure. The haematologist must set up a system to collect the blood efficiently, clearly identify the blood and prevent transfusion errors. The anaesthetist must also be involved in ensuring that the safety of the procedure is maintained.
Conclusion
Despite the obvious safety and simplicity of this method and its application to a wide variety of surgical situations, its acceptance has been hampered by the lack of support from blood banks, surgeons and anaesthetists. Improved awareness of the technique by both surgeons and patients together with better co-operation between doctors involved with suitable elective procedures may result in increased utilisation of this very effective technique.
INTRAOPERA TIVE HAEMODILUTION AND AUTOTRANSFUSION
Moderate haemodilution involves the reduction of the patient's haemoglobin concentration from normal to 8-10 g/dl, or the haematocrit to between 0.24 and 0.30. This reduction of haemoglobin concentration does not result in a fall in tissue oxygen delivery ll.12 provided the patient can increase his/her cardiac output and maintain normal arterial oxygen tension so that the haemoglobin is fully saturated with oxygen. The safety of anaesthesia in surgery for patients with haemoglobin levels of between 8-10 g/ dl has been debated, but there are now many clinical studies in which patients have had major surgery without any apparent increase in morbidity or mortality. [13] [14] [15] [16] [17] [18] [19] The most important point of general agreement is that this technique is only safe if normal blood volume is maintained.
Intraoperative haemodilution
The simplest form of haemodilution is to replace blood loss with crystalloid or colloid until the haemoglobin falls to between 8-10
Anaesthesia and Intensive Care, Vo/. 12, No, 3, August, 1984 g/ dl, this being easily estimated indirectly in the operating theatre by a centrifuge to measure haematocrit. The haematocrit is maintained between 0.24 and 0.30 as this can be converted to haemoglobin level by dividing by 0.03 provided the patient's mean corpuscular haemoglobin content is normal. This form of haemodilution is often practised to a limited extent by the common practice of replacing the first 20OJo of blood volume loss with colloid, then using homologous blood to replace further blood loss. Some patients can have 20 to 40% of their blood volume replaced with colloid before the haemoglobin falls to between 8-10 g/dl; however, in these patients the haematocrit needs to be measured frequently throughout the operation in order to ensure that the haemoglobin content does not fall below these limits. Vela,20 using dextran haemodilution for total hip replacement, showed that considerable saving of blood during the operation could be achieved.
Intraoperative haemodilution and autotransfusion
Intraoperative haemodilution and autotransfusion is a procedure in which the patient's blood is collected after anaesthesia is induced but before much blood loss occurs. As the blood is collected normovolaemia is maintained with a suitable volume of crystalloid or colloid. The blood is then reinfused into the patient after significant blood loss has stopped.
Indications
The technique has been used in patients having operations in which the anticipated blood loss is 15-20 mllkg body weight. It has been used for cardiac surgery, 13-15 vascular surgery,12.16.19 major orthopaedic surgery, 17 gynaecological surgeryl8 and major general surgery. The technique should also be considered in polycythaemic patients having most forms of surgery in order to improve tissue oxygenation and reduce the incidence of deep venous thrombosis.
Contraindications
Patients need to be assessed carefully prior to the use of intraoperative haemodilution and autotransfusion because basically an extra litre of blood loss is added in a situation where considerable blood loss is anticipated, and therefore careful consideration of risks and benefits needs to be applied. Anaemic patients do not receive any additional benefit from further haemodilution. Patients with severe cardiac disease such that they are unable to increase their cardiac output by about 50070, which is required to maintain available oxygen, should be excluded. This may also include patients on high doses of beta-blockers as they may not be able to increase their cardiac output. Haemodilution in patients who have coronary artery disease is controversial, but if the haemoglobin is kept to within the 8-10 g/dl range recommended, no evidence of myocardial ischaemia has been noted in patients having coronary artery bypass surgery or patients having total hip replacement or vascular surgery, despite the advanced age and likelihood of coronary artery disease in these groups.
Patients with severe respiratory disease who are unable to maintain normal arterial oxygen tension also should be excluded because they are not able to fully saturate their available haemoglobin.
Finally if the patient has liver disease or a pre-existing coagulopathy then haemodilution further dilutes the coagulation factors enhancing the defect in haemostasis.
Technique
A detailed description of intraoperative haemodilution and autotransfusion has been previously described by the authors 19 so that only a short summary is presented.
Two or three units of blood are collected from adult patients after induction of anaesthesia from an arterial line which is in position for monitoring purposes. The blood may also be collected from a large vein. The collection is carried out after induction of anaesthesia but prior to any major blood loss from the surgical site. Blood volume is replaced simultaneously with the colloid of choice in order to preserve normovolaemia. The authors prefer the use of polygeline (haemaccel) on the basis that it is relatively inexpensive, is not a blood product and is not associated with coagulopathies. The short half-life of polygeline makes it a suitable diluent as it is most important to maintain normovolaemia throughout the procedure and yet there are two or three units of autologous blood available for re-transfusion at the end of operation. Because the polygeline will be generally being excreted at the time of this reinfusion, there is little chance of hypervolaemia.
Blood lost during surgery is dilute blood containing fewer red cells than would have been present if the patient's haemoglobin level was left at its usual value. This blood loss is replaced with colloid or homologous blood depending on the haematocrit level. If the haematocrit is approaching the 0.24 level then homologous blood is used whereas if it is in excess of 0.30 then further colloid is used. When surgical blood loss has ceased then the two or three units collected earlier in the operation are reinfused in the reverse order. This rein fusion of autologous blood results in an improvement in the haemoglobin concentration and may be advantageous in terms of platelet infusion and coagulation factors if the patient has required a large transfusion.
Advantages
Proponents of intraoperative haemodilution and autotransfusion claim that the main advantage of the technique is that of homologous blood transfusion conservation. Blood saving has been reported to be from 18_90%;13-19 however, a 30% saving is probably more realistic. The reduction in systemic vascular resistance of between 20-30% that occurs with the reduction in blood viscosity results in a rise in cardiac output in most cases. This rise in cardiac output results in a proportional increase in cerebral, renal, liver and intestinal blood flow. The fresh autologous blood collected is also of benefit as it has no storage lesion and can increase the level of platelets and coagulation factors if the patient is deficient in these as a result of a large blood transfusion.
Disadvan tages
Haemodilution does reduce the patient's functional reserves of tissue oxygen delivery, as haemoglobin concentration is a major determinant of arterial oxygen content. The main danger is therefore hypoxic tissue damage though this is unlikely if moderate haemodilution is utilised reducing haemoglobin content to between 8-10 g/d1. 11 Hypovolaemia may also be a danger as the technique adds an additional 1000 ml-1500 ml blood loss to that of Al1aeslhesia and Intensive Care, Vol. 12, No. 3, August, 1984 the surgical blood loss, thus it is imperative to monitor the blood volume and blood loss carefully and ensure that at all stages normovolaemia is maintained.
Conclusion
The simple form of intraoperative haemodilution described has widespread applicability. The use of intraoperative haemodilution and autotransfusion, however, is a very specialised technique applying only to a small minority of surgical procedures in which anticipated blood loss is in excess of two litres.
AUTOTRANSFUSION: INTRAOPERATIVE SCAVENGING Intraoperative blood scavenging is an old technique which has generated new interest over the past fifteen years as a result of the development of simple disposable equipment and the concept of cell-washing techniques.
Indications
The procedure is indicated 21 in operations where blood loss is anticipated to be in excess of two litres. It is therefore only applicable to a few elective operations such as cardiac surgery and major vascular surgery. There are, however, a number of emergency situations in which it is appropriate such as ruptured spleen or liver, ruptured ectopic pregnancy, ruptured aortic aneurysm and penetrating wounds to the chest and abdomen.
Con traindications
Intraoperative scavenging is not appropriate in situations where the peritoneal cavity is contaminated with gastrointestinal contents or malignant cells.
Procedures
Two options are available when using intraoperative scavenging. lo Blood may be collected, filtered and rein fused as whole blood, or it may be collected, processed, with subsequent reinfusion of washed red blood cells. Whole blood autotransfusion is fast, simple and inexpensive but has the potential for reinfusion of debris, activated clotting factors, anticoagulant, free haemoglobin, and red cell stroma. Systems involving washing of the red cells remove those potentially harmful substances but are more complicated and more expensive as the cost of the disposable equipment is more than $100 and a technician is required to operate the equipment. Only the whole blood autotransfusion system will be considered.
Technique
Blood is aspirated from the surgical site using a sucker of the surgeon's choice. Less red cell destruction occurs if the suction tip lies in a pool of blood to minimise suction of air and blood together. The suction pressure should also be controlled with a regulator to between 40-100 mmHg 10, 21 so that red cell destruction is minimal. The collected blood is anticoagulated using acid-citrate-dextrose (ACD) or citratephosphate-dextrose (CPD) from blood collection bags. The choice of anticoagulant between ACD and CPD is not important because of the short storage time of the autologous blood which varies between minutes to several hours. This anticoagulant is added to the collected blood just beyond the handle of the surgical sucker via a double-lumen tube. One millitre of ACD or CPD is added per 7 ml of collected blood. Systemic heparinisation of patients has also been used but this is considered more hazardous than the method recommended. The blood is collected in a reservoir and the authors recommend the use of the Sorenson receptal device. This device employs a nondisposable rigid outer container and a cheap disposable sterile inner liner which collects the blood after passing through a 170-micron filter. These disposable bags can collect 1800 ml of blood and after removal from the rigid container are used for transfusion. The blood is filtered through a 40-micron filter via a suitable intravenous administration set thus avoiding the problem of air embolism which can occur in the mechanical infusion systems. 21 
Advantages
The whole blood autotransfusion system we describe is simple to use, rapidly assembled and fairly inexpensive. The cost is the most important consideration because the systems need to be set up before the total blood loss is known; thus in some cases it will be set up and not required. Noon, Solis and Nattelson 22 have reported that the quality of the blood collected in this fashion is reasonable. In 34 units analysed, mean values for haematocrit were 0.24 with a range of 0.1-0.34; platelet count was 123,000 per cubic mm with a range of 56,000-306,000; 2,3 diphosphoglycerate concentrations were 6.32 mmol per ml of red blood cells with a range of 4.1-7.92, this level of 2,3 diphosphoglycerate being higher than 10 units of banked blood which contained 2.71 mmol per ml of red blood cells with a range of 0.29-5.83.
Disadvantages
Whole blood autotransfusion systems have the potential problem of reinfusion of harmful agents. Red cell destruction occurring during collection will result in infusion of red cell stroma and free haemoglobin both of which may cause renal dysfunction; however, this has not been reported in a large series of whole blood autotransfusion. Debris such as atheroma should be filtered out by the double filter of 170 micron and 40 micron that is recommended with the system. Activated clotting factors will also be reinfused but these have not resulted in coagulopathies. 1o Coagulopathies do, however, occur in patients who have been autotransfused but other causes are usually present and it is difficult to assess the role of autotransfused blood in the aetiology of the bleeding problems. Appropriate component therapy must always be considered when coagulopathies arise, as autotransfusion does not protect the patient against these problems. Air embolism can be avoided by not using mechanical methods of reinfusion, and the potential for infection should be minimised by strict adherence to sterility and minimal storage time of the autologous blood.
Intraoperative scavenging is still an attractive proposition but applies largely to the emergency situations described. In these situations it is much more practical to use a simple system that does not require technical assistance. CONCLUSION Although it is generally accepted that blood conservation is a desirable aim, it is often considered to be only applicable to major surgery such as cardiac or vascular procedures.
Applying methods of blood conservation, Newland 23 et al. reported a mean usage of red cell products of 1.56 units in cardiac surgery. Consideration should, however, be given to the more widespread application of blood conservation methods in non-cardiac surgery. Preoperative autotransfusion and haemodilution is simple and safe, but requires considerable motivation, particularly by surgeons, for successful introduction. Intraoperative haemodilution could be practised to a greater extent and more safely if the measurement of the haematocrit became a routine in the operating room and in the early postoperative management of patients. Intraoperative haemodilution and autotransfusion and blood scavenging are specialised techniques and should only be practised by anaesthetists experienced in their use.
